Background Taenia solium neurocysticercosis (NCC) has been documented as one of the major causes of epilepsy in developing countries. However, methodological limitations have hindered the evaluation of the epidemiological relationship between cysticercosis and epilepsy at the community level.
Methods
We used the WHO protocol for epidemiological evaluation of neurological disorders to conduct a door-to-door survey among 2723 residents of San Pablo del Lago, an Ecuadorean rural community in which T. solium taeniasis/cysticercosis was known to be endemic. The WHO protocol was complemented by neuroimaging and immunological tests to confirm the diagnosis of this infection.
Results
In all 31 people suffering from active epilepsy were detected (prevalence 11.4 per 1000, 95% CI : 7.7-15.4); 26 agreed to undergo a computer tomography (CT) examination, and 28 agreed to have blood drawn for serodiagnosis. Fourteen of the 26 (53.8%) had CT changes compatible with NCC and six of the 28 (21.4%) tested positive in the enzyme-linked immunoelectro-transfer blot (EITB) assay. In a seizure-free random sample of this population, 17 of 118 (144 per 1000) subjects examined by CT and 10 out of 96 (104 per 1000) examined by EITB had evidence of this infection. The differences between the epilepsy group and the random sample of the population were statistically significant (OR = 6.93, 95% CI : 2.7-17.5, P Ͻ 0.001) for CT diagnosis, but not for EITB results (OR = 2.75, 95% CI : 0.8-7.1, P Ͼ 0.12, NS).
Conclusions These findings confirm that T. solium NCC is a significant cause of epilepsy at the community level in Andean villages of Ecuador. It is important to initiate effectprocedure (computer tomography, CT) [16] [17] [18] were added to strengthen the specificity of this instrument for the detection of T. solium infection and for quantifying its importance in the aetiology of epilepsy. The present study is, as far as we know, the first to report on the combined use of neuroepidemiological, immunological and neuroimaging procedures to assess the magnitude and distribution of neurological disorders in a NCC-endemic communitybased approach.
Patients and Methods
The study was conducted in San Pablo del Lago, an Andean village located 100 km north of Quito, the capital city of Ecuador. It was chosen because of the presence of known cases of epilepsy and human and porcine cysticercosis, as well as the predisposition of community members to participate in an operational research project.
A door-to-door census was performed by a paramedical team, with the help of the town's educational and civic organizations. A register was set up with one record for each family, containing data on age, gender, civil state, occupation, degree of education, and number of family members. An identification number was assigned to each de facto resident in April-May 1992. The application of the WHO protocol 14 was then initiated. This tool, used to quantify headaches, epilepsy, cerebrovascular disorders, extrapyramidal syndromes and peripheral neuropathies, consisted of an structured interview and a task-based selective neurological examination. 12, 13 The interview was conducted by trained paramedical personnel, using a questionnaire translated from the above mentioned instrument, containing 12 questions and 10 tasks for individuals у7 years. The version for children Ͻ7 years old contained 16 questions and no tasks. The language used was Spanish. For those few older people who did not understand spoken Spanish, a trained bilingual member of the survey team was always available for translation. The sensitivity and the specificity of this protocol had already been tested in different groups of patients and populations in similar geographical areas in Ecuador. 9 A complete enumeration approach, based on each eligible individual, was adopted for data collection and identification of affected individuals, and captured using Database III-Plus. The study was completed in three phases. In phase I, each individual eligible for inclusion in the survey was visited by the team. Individuals absent from their homes were asked to visit the local programme office for data completion. Written informed consent for participation in all phases was obtained from each head of household, and members of consenting families were interviewed individually for histories of neurological conditions.
In phase II, all individuals who answered at least one question positively or whose task-based examination yielded clear or doubtful abnormal status, were invited to undergo examination by trained neurologists under standard conditions. If a disease was confirmed, it was classified according to the International Classification of Diseases (ICD-9-NA). 20 In phase III, all individuals diagnosed with epilepsy on the grounds of anamnesis and neurological examination by two of the three neurologists ascribed to the programme were given an appointment for further studies. A prevalent case of active epilepsy was defined as a person who has had at least one epileptic seizure in the previous 5 years, regardless of antiepileptic drug (AED) treatment, as established in previous communitybased studies, 21 and conforming with the recommendations of the International League Against Epilepsy. 22 The complementary examinations systematically included an awake routine EEG (done at the community clinic), plain CT scanning (done in Quito) and immunodiagnostic testing, EITB, for cysticercosis 15 (done at the Centers for Disease Control and Prevention, Atlanta, Georgia, USA). In selected or doubtful cases, contrast infusion was used after plain CT examination, following the neuroradiologist's criteria.
The CT criteria for the diagnosis of neurocysticercosis was based on the extensive descriptions of this condition in the literature. [16] [17] [18] 23 Calcifications were seen on CT as small, round or elongated, high-density lesions in the brain parenchyma; cysts were described as rounded low-density lesions and the encephalitic phase was referred to as a low-density irregular area on plain CT which, after contrast infusion, displayed a nodular uptake. 24 Figure 1 depicts the classical tomographic findings in NCC.
Toxoplasmosis was diagnosed based on clinical grounds (presence of chorioretinitis and microcephaly) and on CT findings 800 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY Figure 1 Computed tomographic findings in neurocysticercosis may be diverse according to the developmental phase of the parasite. 23, 24 (A) Multiple, viable intraparenchymatous cysts seen as rounded low-density areas. (B) Encephalitic-phase cysticercus in right frontal region presenting as a low-density area which, after contrast infusion, displays a nodular uptake. (C) Three calcifications of varying size are observed in both hemispheres (typical distribution of calcifications within the brain parenchyma, especially periventricular). Single calcifications were ascribed to possible neurocysticercosis after other types of granulomatous disease, mainly tuberculosis, were ruled out clinically. 25 Prevalence estimates were based on the population measured during the Holy Week of 1992, a well-remembered event in this community. Individuals in the denominator for prevalence calculations fulfilled conditions of eligibility (de facto resident in San Pablo del Lago during April-May, 1992 at least one day during the prevalence period), and met diagnostic criteria for epilepsy for at least one day of a similar time interval. A computer-generated random sample of seizure-free members of the population was also examined by CT (118 individuals) and EITB (96 individuals) to serve as control.
Fifty individuals, chosen randomly from the programme's register, unrelated to the computer-generated random sample, who screened negative on phase I where examined by the neurologists. No epilepsy was found in any of them.
Prevalence ratios for epilepsy and cysticercosis were obtained. Ninety-five per cent confidence intervals were calculated. 26 Two by two tables were constructed using this information and χ 2 and two-tailed P values were obtained using Epi Info 5. 27 Differences were considered statistically significant if P Ͻ 0.05.
Results
The distribution by age and sex of the studied population was typical of developing communities with young people under 20 years of age comprising about 50% of the total (Table 1) .
To document the infection in local swine, 80 pigs were slaughtered at the outset of the programme; T. solium cysticerci were found in the muscles of seven, giving a prevalence ratio of 8.75% (95% CI : 3.5-18).
Complete information was collected from 2723 individuals living in the urban nucleus of San Pablo del Lago. At the end of phase I, 578 individuals had at least one survey question or one neurological test yielding clear or questionable abnormal status. All these people were evaluated by neurologists at the local programme office or, in a few cases, at their homes. There was no loss of participants between phases I and II. At the end of phase II, 31 individuals were confirmed as suffering from active epilepsy as defined previously. 21, 22 Thus, the point prevalence ratio was 11.4 per 1000 (95% CI : 7.7-15.4). The number of cases and the prevalence ratios by age and sex of the 31 patients are shown in Table 2 . Table 3 shows the classification of these cases according to seizure type. Seizures in 16 patients (51.6%) were classified as generalized and in 15 (48.4%) as partial. All were invited to undergo further examination at the clinical centre in Quito for completion of ancillary investigations for epilepsy, but five refused CT examinations and three refused to have blood drawn for immunological testing. The CT findings in those investigated by this method and their corresponding EITB results are presented in Table 4 .
Among 26 people with epilepsy who agreed to be examined, 14 (53.8%) had CT evidence of past or recent NCC infection. Of these 14, 5 (37.5%) had generalized seizures, and 9 (64.3%) had partial seizures. EPILEPSY AND NEUROCYSTICERCOSIS 801 In 11 of the 26 with epilepsy, their epilepsy had first begun when they were older than 20 years. In this group with lateonset epilepsy, NCC was found in seven cases (64%). Table 5 shows the correlation of age of onset of seizures with CT and EITB findings.
The EITB was positive in only 6 of 28 (21.4%) people with epilepsy; these included three of six males (50%) and two of eight females (25%) who also had CT findings consistent with the diagnosis of NCC. In total, approximately one-third of epilepsy patients with NCC diagnosed by CT had a concomitant positive EITB (5/14, 35.7%). Four of five people studied by CT and showing single or multiple apparently viable cysts had a positive EITB (80%), whereas only one of nine who displayed single or multiple calcifications had a positive EITB (11%) ( Table 4) . One other patient with epilepsy had a positive EITB with a negative CT.
Among the seizure-free random sample of the population, 118 CT examinations were completed. Of these, 17 showed findings suggestive of cysticercosis, yielding a prevalence of 144 per 1000 (95% CI : 85-212). In the same sample, it was possible to obtain serum specimens for EITB from 96 people, and 10, or 104 per 1000 (95% CI : 52-167) were positive.
Chi-square analysis was performed to test the association of epilepsy and NCC by comparing results of CT scanning and serological tests in the epilepsy-free random sample of the population with those in the epilepsy cases (Table 6) . A statistically significant difference (OR = 6.93, 95% CI : 2.7-17.5, P Ͻ 0.001) was found when comparing the CT diagnosis, but not the EITB diagnosis of NCC (OR = 2.75, 95% CI : 0.8-7.1, P Ͼ 0.12, NS), using Mantel-Haenzel statistics (Table 6 ).
Discussion
The WHO protocol for epidemiological studies of neurological disorders [12] [13] [14] 19 is a useful tool for screening for the neurological morbidity associated with T. solium taeniasis/cysticercosis. 28 The present study confirms the high prevalence figures for epilepsy reported in developing countries using the WHO protocol 19 and indicates that T. solium NCC accounts for a major fraction of the condition in Ecuador. In such regions up to twothirds of late onset epilepsy cases may be due to this infection. Although the number of epilepsy cases is not large, it seems that women become ill at an earlier age and in higher proportions, probably due to food handling activities and their relationship with cysticercal infection (Τable 2). 6 If we correct the epilepsy ratio found in this study by eliminating those cases linked to cysticercal infection, the remaining figure (17 patients, i.e. 6.2 per 1000), is almost identical to that reported for Rochester, Minnesota (6 per 1000). 29 Analysis of these same data for the association of NCC with migraine-type headaches in this community also confirmed an important causal association. 28 Table 4 shows that EITB positivity correlates well with the presence of viable parasitic cysticerci within the central nervous system, but poorly in those with CT findings suggestive of dead cysts (Tables 4 and 6 ). The EITB, or immunoblot, assay is a specific and sensitive diagnostic assay for infection by larval T. solium. 15 In patients with clinical diagnoses of NCC, the most important factors determining sensitivity are numbers and stages of development of cysticerci. 30 In patients with multiple viable lesions, the test has 90% sensitivity, whereas in patients with only calcified cysts, sensitivity is reduced. The relatively low sensitivity of EITB for supporting the CT evidence for NCC in this study is most likely explained by the long-standing chronic nature of NCC in these patients, in which pathological changes evident by CT imaging persist after the cysticerci are no longer viable and producing immune stimulation; consequently antibodies were no longer detectable. 31 Patients with parenchymal NCC typically present with seizures. 4, [9] [10] [11] In this study two out of three patients with epilepsy secondary to NCC presented with partial seizures. Although anticonvulsants are routinely prescribed, Latin American clinicians advocate the concomitant use of antiparasitic drugs and steroids where there is evidence of active NCC. 23, 32, 33 In fact, it seems that there is a decrease in seizure frequency in patients so treated. 34, 35 However, more detailed, (Table 6) , it does emphasize that many people with intracerebral cysticercosis do not experience symptoms from their infection. 7 These findings illustrate some of the difficulties of interpreting the results of neuroimaging studies and serological tests for cysticercosis in populations highly exposed to infection with this cestode zoonosis.
The radiological and immunodiagnostic data presented confirm that NCC is the major definable risk cause of epilepsy in geographical areas where T. solium infection is endemic. T. solium NCC is a preventable and treatable infection and all efforts should be made by responsible governments in order to reduce and ultimately eliminate this disease from countries where it is endemic. 36, 37 In doing so, a sizable amount of epilepsy burden and consequent human suffering will be alleviated.
